esp@cenet document view 



Page 1 of 1 



Liquid crystal display apparatus 



Patent number: 

Publication date: 

Inventor: 

Applicant: 

Classification: 
• international: 

- european: 

Application number: 

Priority number(s): 



EP0545709 
1993-06-09 
BAUR PETER F (DE) 
NCR INT INC (US) 

G06F3/033 
G06F3/033D3 
EP19920311042 19921203 
US19910805450 19911206 



Also published as: 

g US5243452 (A1) 
§5 JP5297403(A) 
f| EP0545709(B1) 



Cited documents: 

1 WO8909960 
1 US4655552 
GB2162673 



Abstract of EP0545709 

In a liquid-crystal display, each pixel (P) is 
associated with a sensor (D,BP) which detects 
incoming light projected by a light pen (44). In 
response to the detected light, the sensor (D,BP) 
produces a signal which causes its associated 
pixel (P) to darken. Thus, as a user moves the 
light pen (44) along the display, the pen (44) 
leaves a trail of darkened pixels (P), analogous to 
a pen leaving a trail of ink on paper. 
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(£) Liquid crystal display apparatus. 

(57) In a liquid-crystal display, each pixel (P) is 
associated with a sensor (D.BP) which detects 
incoming light projected by a light pen (44). In 
response to the detected light, the sensor 
(D.BP) produces a signal which causes its as- 
sociated pixel (P) to darken. Thus, as a user 
moves the light pen (44) along the display, the 
pen (44) leaves a trail of darkened pixels (P), 
analogous to a pen leaving a trail of ink on 
paper. 
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The present invention relates to liquid crystal dis- 
play apparatus. 

Liquid crystal display apparatus is known in 
which an electronic pen input means is moved across 
the display screen so as to enter data and also to alter 
the display. This known apparatus is disadvanta- 
geous in that the data input and display drive means 
render the apparatus disadvantageous^ heavy, large 
and expensive. 

It is an object of the invention to provide liquid 
crystal display apparatus that overcomes the above 
disadvantages. 

According to the present invention there is pro- 
vided liquid crystal display apparatus comprising a 
plurality of pixels forming a display screen and means 
for selectively energizing said pixels so as to provide 
an image on said display, characterized in that said 
means for energizing said pixels includes a plurality 
of light sensitive means each associated with a re- 
spective pixel and arranged to bring about energiza- 
tion of the respective pixel in response to incoming 
light. 

Advantageously, the invention provides an LCD 
display which accepts data, in addition to displaying 
data. 

In general, in a liquid crystal display, capacitors 
apply electric fields across respective pixels in the liq- 
uid crystal. In one form of the invention, the switching 
elements, such as diodes, which apply the charging 
currents to the capacitors, perform an additional 
function. They act as photodiodes. They receive light 
applied by an external light pen. The light induces 
charging currents into the capacitors. Sensing circui- 
try detects the charging currents, and stores data into 
video memory, which now indicates which pixels 
should be held dark. Thus, the light pen is able to 
"write" onto the display. 

The invention is described further hereinafter, by 
way of example only, with reference to the accompa- 
nying drawings in which:- 

Fig. 1 illustrates the rod-like nature of the mole- 
cules in a liquid crystal; 

Fig. 2 illustrates how an applied electric field can 
re-orient the molecules of a liquid crystal; 
Fig. 3A illustrates a "twisted" liquid crystal cell; 
Fig. 3B illustrates how the molecules in a "twist- 
ed" liquid crystal cell re-orient themselves in an 
electric field; 

Fig. 4 illustrates a single cell in a liquid crystal dis- 
play; 

Fig. 5 illustrates part of a matrix of liquid crystal 
cells; 

Fig. 6 illustrates an apparatus for controlling the 
electric field applied to each cell in the matrix of 
Fig. 5; 

Fig. 6A shows how the MOS transistors in Fig. 6 
apply charge to a capacitor whose plates 30 flank 
a liquid crystal cell; 



Fig. 7 illustrates another approach to applying 

charge to the capacitors; 

Figs. 8Ato 8D illustrate one form of the invention; 

Fig. 9 illustrates a second form of the invention; 
5 and 

Fig. 10 illustrates an alternative embodiment. 

A liquid crystal display (LCD) includes a liquid 
crystal sandwiched between two transparent sheets. 
As shown in Fig. 1, the liquid crystal is composed of 
10 long, rod-like, polarized molecules. In the absence of 
an electric field , the molecules tend to align them- 
selves with each other, as in Fig. 2A. When a field is 
applied, which exceeds Eo, as indicated, the mole- 
cules, being electrically polarized, align themselves 
15 with the field, as in Fig. 2B. When the field is in- 
creased, the molecules further align as in Fig. 2C. 

This tendency to align with an electric field can be 
used to modulate light, as will be explained by refer- 
ence to Figs 3 and 4. Fig 3Ashows a "twisted nemetic 
20 cell." ("Nemetic" is one type of liquid crystal. Two oth- 
ers are "cholesteric" and "smectic") The molecules 
can be divided into two types, namely, "body" mole- 
cules (ie, those located within the body of the liquid, 
away from the surface) and "surface" molecules (ie, 
25 those at the surface of the body and near the faces 
of the cell). 

The surface molecules are adjacent the faces of 
the cell, such as faces 3 and 6. These faces are spe- 
cially treated, in a manner known in the art, in order 

30 to induce the surface molecules to align in specific di- 
rections. That is, in Fig. 3A, the treatment of face 3 in- 
duces the surface molecules 9 to align vertically. The 
treatment of face 6 induces the surface molecules 12 
to align horizontally. 

35 In the absence of an electric field (E = 0, as indi- 
cated), all molecules (body and surface) tend to align 
with their neighbour molecules. However, because 
the surface molecules (at faces 3 and 6) already have 
an alignment imposed by the treated faces, they in- 

40 duce the body molecules to align with them. Further, 
since the surface molecules at face 3 are perpendic- 
ular to those at face 6, the body molecules must make 
the transition from vertical alignment (at face 3) to 
horizontal alignment (at face 6). They do this by form- 

45 ing the "twisted" arrangement shown. 

When an electronic field is applied which greatly 
exceeds the critical field (ie, E » Eo, as indicated), 
the body molecules change alignment; they nowalign 
themselves with the field instead of with the surface 

so molecules, as shown in Fig. 3B. 

The apparatus of Fig. 3 can be used to construct 
one type of LCD, namely, the "reflective" type, as 
shown in Fig. 4. Unpolarized incoming radiation, such 
as interior room light, passes through a polarizing f il- 

55 ter 15 and becomes polarized. The direction of polar- 
ization is parallel to the molecules at face 3 of the cell, 
and thus the polarized light is allowed to enter the 
cell. As the polarized light progresses through the 
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cell, the direction of polarization gradually changes, 
following the direction of the "twisted" molecules. 
That is, the "twisted" molecules cause the polariza- 
tion vector of the light to rotate as the light propagates 
through the cell. When the polarized light reaches 
face 6, it has rotated ninety degrees, and its polariza- 
tion vector is now parallel with the molecules at the 
second face 6. The light exits the second face 6, pass- 
es through a second polarizing filter 18, perpendicu- 
lar to the first, and is reflected by a mirror 21. 

After reflection, the light retraces its steps. It 
again rotates ninety degrees as it passes through the 
cell, and exits through the first polarizing filter. Thus, 
ignoring attenuation occurring within the filters and 
the cell, the light appears to have been reflected by 
the mirror 21. The cell looks bright. 

If an electric field is applied to the cell, the mole- 
cules align as shown in Fig. 3B. The "twisting" disap- 
pears, removing the ninety-degree rotation of light 
within the cell. With the rotation absent, the second 
polarizing filter 1 8 blocks transmission of the light, be- 
cause the light reaching it has the wrong polarization 
for transmission through it. There is no reflection by 
the mirror 21, and the cell appears dark. 

Other types of LCD cells can use the preceding 
principles, but omit the mirror. These cells use a light 
source instead of ambient light. These types are 
called "back-lit" 

An actual LCD includes hundreds or thousands of 
such cells, arranged in a matrix array, as shown by 
the matrix in Figure 5. When a high voltage is applied 
to line 24 and a low voltage is applied to line 27, an 
electric field, analogous to the field in Fig. 2, is placed 
across cell 21, and the cell behaves as indicated in 
Figure 3B. The electric field causes the cell to appear 
dark. 

One apparatus for applying the electric field is 
shown in Fig. 6. When a charge is applied to the gate 
of one (or more) MOS transistors, a current flows 
through the transistor and charges a capacitor, be- 
tween whose plates 30 (shown in Fig. 6A) the liquid 
crystal lies. The charged plates apply an electric field 
to the liquid crystal. The charge on the gate will even- 
tually dissipate, but refreshing circuitry, known in the 
art, periodically replenishes the gate charge. A com- 
mon refresh rate is in the range of 50 to 100 Hz. 

Another apparatus for applying the electric field 
is shown in Fig. 7. A pair of diodes in series, but op- 
positely poled, such as BD11, charges each capaci- 
tor, such as CP11. When line 34 is at a high voltage 
and line 36 is at a low voltage, diode BD11 becomes 
conducting and charges the capacitor CP11. 

(A pair of diodes is used, rather than a single di- 
ode, because the voltage on the capacitor must per- 
iodically be reversed in polarity. Otherwise, one plate 
of the capacitor will always be charged from zero to 
a positive voltage, and tend to permanently align the 
negative ends of the molecules in a fixed direction. 



The molecules would thus acquire a "memory," which 
is undesirable. Periodic reversal of the polarity of the 
field prevents this permanent orientation, and the bi- 
lateral diodes allow the reversal.) 

5 Figs. 8A to 8D show one form of the invention. A 

glass sheet carries column address lines, which are 
controlled by column switches such as C1 , C2, and 
C3, and row address lines, which are controlled by 
row addressing switches, such as R1 , R2, and R3. A 

10 photodiode, such as D11, D12, etc., connects be- 
tween each row and column crossing. The glass sheet 
is placed in registration with an LCD, such that the 
photodiodes are in registration with the pixels of the 
LCD. 

15 In use, a control 45, known in the art, closes a sin- 
gle row switch, such as switch R1, thereby holding the 
first row line at a high voltage. Then the control pulls 
each column line to a low voltage, one-by-one, by 
successively closing the column switches, beginning 

20 with C1 . In this manner, the control successively ap- 
plies a voltage across each diode in the row. That is, 
the control scans the diodes. 

During this scanning, the user positions a light 
pen 44 at the location where the user wishes to draw 

25 a point. When the photodiode, such as D11, at that lo- 
cation is scanned by the control, the photodiode con- 
ducts, causing a charging current I to flow, as in Fig. 
8D, causing a voltage to appear across resistor R S i. 
A differential amplifier SA1 senses the voltage, and 

30 stores a ONE in the column register 47 in Fig. 8 for 
the column containing the diode. 

After all columns have been scanned in the pres- 
ent row 1, the column register now contains data 
which identifies ail columns which have been illumin- 

35 ated by the light pen. This data is transferred to the 
video memory, which illuminates (or darkens) the re- 
spective pixels in the row. Then, the column register 
is cleared, as known in the art, and the scanning proc- 
ess is repeated for the next row. That is, the control 

40 45 opens R1 and closes R2, and all the columns are 
scanned, as above, to obtain the video data for row 
2. This process is repeated until ail rows have been 
scanned. 

This scanning is done such that the entire matrix 
45 of diodes is scanned about every 10 or 20 millisec- 
onds (ie, a rate of 50 to 100 Hz). This scanning rate 
is sufficiently fast that, if the user moves the light pen 
during scanning, the light pen will leave a trail of dark- 
ened pixels. That is, the video circuitry draws a visible 
so line which follows the light pen. The system resem- 
bles a pen drawing on paper. 

A more complex form of the invention is shown in 
Fig. 9. In this form, the diode matrix of the LCD itself, 
such as that shown in Fig. 7 and discussed in the 
55 Background, is used to accept the data from the light 
pen. For example, if the light pen is illuminating the 
bilateral diode BD11 , the diode will conduct, charging 
the capacitor CP11, and drawing a current through 



3 



5 



EP0 545 709 A1 



6 



R S1 . Adifferential amplifier senses the voltage across 
R s1 and loads a ONE into the column register for col- 
umn 1 . After the entire row is scanned, the data in the 
column register is transferred to the video memory, 
whereupon the pixel controlled by CP11 is darkened, 5 
as described in the simple form of the invention. 

After the data is stored in video memory, the ca- 
pacitors must be refreshed, because they will dissi- 
pate their charge. Refreshing is done by applying a 
higher voltage across the series connection of CP11 10 
and BD11, sufficient to drive BD11 into conduction for 
charging CP11. (Previously, the light pen drove BD11 
into conduction.) 

Thus, in the second form of the invention, two 
types of scanning cycles for the diodes are undertak- 15 
en. One cycle is the data acquisition cycle, wherein 
data is acquired from the light pen 44: each illuminat- 
ed diode (eg, DB11) causes a signal to arise across 
the respective sense resistor (eg, R^) and cause 
data to ultimately be loaded into video memory. 20 

The second cycle is the norma! refresh cycle, 
which refreshes the pixels, based on the data in the 
video memory. During the second cycle, the voltage 
difference between the row and column lines is 
caused to be greater than in the first, and, possibly, 25 
of opposite polarity, for reasons discussed above. 

Of course, as the following paragraph makes 
clear, it is not necessary that two distinct scanning 
steps be used; a single scanning step, which both re- 
freshes and collects data from the light pen, can be 30 
used. 

Assume that a given pixel is to be held dark, ac- 
cording to the data in video memory. Thus, during re- 
fresh, the pixel's capacitor (eg, CP11 in Figs. 8 or 8A) 
is to be charged. The charging will cause a current 35 
through the capacitor's sense resistor (eg, RS1). The 
sense amplifier now believes that the light pen is call- 
ing for that pixel to be darkened, even though video 
memory, not the light pen, is calling forthe darkening. 

This error is not significant, because it does not 40 
matter whether the video memory or the light pen is 
requesting a dark pixel. The video memory only 
makes such a request if the light pen previously re- 
quested the pixel to be dark. Either way, a ONE is 
held in the video memory for the pixel in question. 45 

It is noted that the sense resistors can be placed 
in the row lines, as is phantom resistor 49 in Fig. 9, 
instead of in the column lines. This type of connection 
can provide better isolation from the capacitors. That 
is, it may not be desirable to have the resistors, such 50 
as Rsi, connected simultaneously to multiple capaci- 
tors, such as CP11 and CP21. 

Figure 9 shows two diodes in each bilateral diode, 
such as BD11 . In actuality, these diodes can take the 
form of a phototransistor having the base lead elim- 55 
inated. The emitter-base junction forms one diode, 
and the collector- base junction form the other diode. 
When light is applied to the base, it generates carri- 



ers, which act like a base current, and can drive the 
transistor into saturation. 

If, as shown in Fig. 8, the pen-position-scanning- 
mechanism is located on a third sheet, a capacitor to 
be charged is not necessarily required. The photosen- 
sitive diode itself is sufficient. However, in this case, 
the row and column lines must be isolated from each 
other, at least at the crossing points. One way to iso- 
late them, which is preferable from a manufacturing 
perspective, is shown in Fig.10. The photosensitive 
diode D is located exactly at the crossing point of the 
ROW- and COLUMN LINES, perpendicular to the 
ROW-and COLUMN lines (that is, perpendicular 
from the point of view of the current path). The diode 
acts as an insulator when non-actuated, and acts as 
a connector in the activated case. 



Claims 

1. Liquid crystal display apparatus comprising a 
plurality of pixels forming a display screen and 
means (D,BP) for selectively energizing said pix- 
els so as to provide an image on said display, 
characterized in that said means (D,BP) for ener- 
gizing said pixels includes a plurality of light sen- 
sitive means (D.BP) each associated with a re- 
spective pixel and arranged to bring about energ- 
ization of the respective pixel in response to in- 
coming light. 

2. Apparatus according to claim 1 , characterized in 
that said light sensitive means (D.BP) are ar- 
ranged to allow passage of a pixel energizing cur- 
rent in response to an increase in light energy re- 
ceived thereby. 

3. Apparatus according to claim 1 or 2, character- 
ized by sensing means (SA.RS) for sensing an 
output from said light sensitive means (D,BP) so 
as to identify which of said plurality of pixels is to 
be energized. 

4. Apparatus according to claim 3, characterized by 
storage means for storing data identifying which 
of said plurality of pixels is to be energized and ar- 
ranged to provide a signal retaining said energ- 
ized pixels in an energized state. 

5. Apparatus according to claim 3 or 4, character- 
ized in that said sensing means (SA.RS) includes 
a plurality of resistor means for respectively re- 
ceiving said output from said light sensitive 
means (D,BP) and amplifier means (SA) for sens- 
ing the voltage thereby developed across said re- 
sistor means. 

6. Apparatus according to any preceding claim char- 
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acterized in that said light sensitive means com- 
prise photodiode means (D.BP). 

7. Apparatus according to claim 6, characterized in 
that said photodiode means comprise diode 5 
means arranged to drive said display. 

8. Apparatus according to claim 6 or 7, character- 
ized in that said photodiode means comprise bi- 
lateral diode pairs. 10 

9. Apparatus according to claim 8, characterized in 
that said bilateral diode pairs comprise the collec- 
tors and emitters of respective phototransistors. 

15 

10. Apparatus according to any preceding claim, 
characterized by optical filter means in operative 
relationship with said light sensitive means 
(D.BP). 

20 
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FIG. 8B 
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FIG. 8C 
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FIG. 8D 
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FIG. 9 
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